Introduction {#sec1-1}
============

Intervertebral disc degeneration (IDD) is the premise and pathological basis of various degenerative diseases of the spine. It is a chronic and gradual pathological and physiological processes with mainly low back pain and cervical pain\[[@ref1]\]. IDD is one of the clinically common diseases. Some studies have shown that\[[@ref2]\] IDD patients are mostly male, and 70% of patients have a history of waist disease, and IDD is more frequent in middle-aged and old patients. However, in recent years, there have been reports of increased numbers of young and middle-aged patients. This indicates that the onset age of patients is getting younger and younger, reducing the national labor force and productivity and increasing economic losses. Normal intervertebral discs have a large elasticity and can withstand a lot of pressure. However, with age, they are affected by the external forces such as twisting and squeezing, slight injury occurs. Accumulation of long years causes the rupture of the annulus fibrosis, leading to the occurrence of IDD. At present, the treatment for IDD is mainly divided into two types of treatment: surgical treatment and conservative treatment\[[@ref3],[@ref4]\].

Nuclear factor-kappa B (NF-kB) is a unique nuclear transcription factor that is widely present in the cytoplasm of higher eukaryotes. NF-kB is mostly present in the form of P65-P50 dimer and is associated with inhibitor IkB binds in an inactive state\[[@ref5]\]. Studies have shown that\[[@ref6]\] the persistently activated NF-kB pathway is involved in a variety of inflammatory diseases. However, IDD is closely related to the autoimmune inflammatory response mediated by various inflammatory cytokines (IL-1, IL-6). Some studies have shown that the expression of NF-kB p65 is significantly enhanced during the induction of IDD by proinflammatory cytokines\[[@ref7],[@ref8]\]. Macrophage migration inhibitory factor (MIF) is a pro-inflammatory factor that mobilizes macrophages and plays a specific inhibitory effect on the release of glucocorticoids\[[@ref9]\].

Therefore, this study examined the role of NF-kB signaling pathway and cytokines in the mechanism and regulation of IDD.

General data and methods {#sec1-2}
========================

Sample selection and patient data {#sec2-1}
---------------------------------

This study collected 56 cases of lumbar intervertebral discs of cervical spondylosis patients from June 2015 to December 2016 in Shanghai Songjiang District Central Hospital. There were 33 male patients and 23 female patients. The age range of the patients ranged from 37 to 66 years, and the average age was 53.4±11.5 years. According to preoperative MRI conditions and intraoperative disc status, 56 patients were divided into degenerative group (n=29) and herniation group (n=27); another 34 patients with cervical trauma but without cervical spondylosis were included, including 18 male patients and 16 female patients, age range 27-40 years, mean age 35.62±5.43 years; patients were divided into three groups according to the preoperative JOA score of cervical spondylosis: mild group (18 cases), moderate group (26 cases) and severe group (12 cases). The study was approved by the Medical Ethics Committee of Shanghai Songjiang District Central Hospital. All patients were informed and signed informed consent. Patient clinical data are shown in \[[Table I](#T1){ref-type="table"}\].

###### 

Clinical Data \[n(%)\].

                                                     Degeneration group (n=29)   Herniation group (n=27)   Control group (n=34)
  -------------------------------------------------- --------------------------- ------------------------- ----------------------
  **Gender**                                                                                               
  Male                                               18(62.1)                    15(55.56)                 18(60.00)
  Female                                             11(37.9)                    12(44.44)                 16(40.00)
  Age (year)                                         56.15±6.42                  52.36±4.25                35.62±5.43
  BMI (kg/m^2^)                                      21.57±1.54                  22.1±1.83                 21.33±0.86
  Herniation degeneration position/trauma position                               6.783                     0.560
  C3,4 intervertebral disc                           5(17.24)                    6(22.22)                  3(10.00)
  C4,5 intervertebral disc                           10(34.48)                   9(33.33)                  6(20.00)
  C5,6 intervertebral disc                           8(27.59)                    8(29.63)                  14(46.67)
  C6,7 intervertebral disc                           5(17.24)                    3(11.11)                  7(23.33)
  C7, T1 disc                                        1(3.45)                     1(3.71)                   0(0.00)
  **JOA Score**                                                                                            
  Mild group ≥13 points                              12(41.38)                   11(40.74)                 
  Moderate group 9\~12 points                        12(41.38)                   10(37.04)                 
  Severe group ≤8 points                             5(17.24)                    6(22.22)                  

Inclusion and exclusion criteria {#sec2-2}
--------------------------------

Inclusion criteria: The patient developed lumbar, cervical spine pain, and the duration of illness exceeded 6 months; the patient had not undergone surgery before the hospital admission examination; the patient's imaging examination revealed a herniated intervertebral disc, and the discography was positive.

Exclusion criteria: Patients have congenital defects, disability, family genetic history; patients with hypertension, diabetes; patients with impaired immune function; patients who do not cooperate with the examination, do not cooperate with the treatment.

Main reagents and instruments {#sec2-3}
-----------------------------

TRIzol reagents, PCR kits, and reverse transcription kits were purchased from Invitrogen, IL-1, and IL-6. MIF Elisa kits were purchased from Thermo Scientific, USA, and Lowry protein concentration kits were purchased from Biotime Institute of Biotechnology, ABI Prism 7900 PCR instrument was purchased from ABI, USA. NF-kB mRNA was designed and synthesized by Shanghai Sangon Biotechnology Co., Ltd.

Experimental method {#sec1-3}
===================

Patient specimen collection {#sec2-4}
---------------------------

In this study, all patients underwent anterior cervical discectomy and fusion and fixation. The fresh specimens taken out were washed with phosphate buffer for several times, and the blood adsorbed on the tissues was washed. After flushing, the specimens were stored in liquid nitrogen within 15 to 30 minutes, and the subsequent experiments were performed in time.

Experiment {#sec2-5}
----------

The specimens were collected for nucleus pulposus tissue extraction. Each 350 mg of nucleus pulposus tissue was added with 1 mL of NaCl (0.9%) and ground in a homogenate tube to make a suspension. The sample was centrifuged at 3500 r/min for 3 minutes at a speed of 3500 r/min. The supernatant was extracted by centrifugation. The sample dilution was determined and loaded, MIF, TNF-α, IL-6 expression levels were detected according to the kit instructions, the sample was diluted 10 times with the kit calibration diluent, and the 50L mixture was added to the microporous plate wells and then incubated for 2 hours. After incubation, wash and add the detection antibody for 2 h. After washing again, the substrate solution was incubated for 30 min in dark and light was developed. Finally, the termination solution was added, and the optical density was measured at 450 nm. The optical densities of the samples were interpolated using the MIF, TNF-α, and IL-6 standards generated in the kit and the concentrations calculated. The protein concentration was determined using the Lowry method.

PCR detection {#sec2-6}
-------------

The nucleus pulposus tissue was ground and added to the lysate. TRIzol reagent was used to extract total RNA. After extraction, the concentration and purity of total RNA were identified using 1% agarose gel and UV spectrophotometer. Reverse transcription of total RNA was performed according to the cDNA kit instructions. A portion of the cDNA product was subjected to subsequent experiments, and the excess product was stored at -20° C until use. ABI Prism 7900 PCR instrument was used for PCR amplification, PCR system: PCR mix (2XTamix) 12.5L, DNA template 2.0L, 1.0L each of upstream and downstream primers, and double distilled water to make up to 25L. PCR reaction conditions: 95° C for 5 min, 95° C for 30 s, 60° C for 30 s, 72° C for 1 min. A total of 40 amplifications were performed at this time, and the final extension was at 72° C for 5 min. GAPDH was used as an internal reference and the experiment was conducted 3 times in total.

Statistical method {#sec2-7}
------------------

This experiment uses SPSS20.0 statistical software to carry out data collation analysis on the collected data. The measurement data in the text was expressed as the mean ± standard deviation, (x±S), the enumeration data were expressed as a percentage (%), and the average between the two groups was compared with the t-test. The chi-square test was used to analyze the enumeration data. *P*\<0.05 for the difference was statistically significant.

Results {#sec1-5}
=======

NF-kB relative expression level {#sec2-8}
-------------------------------

We detected the relative expression levels of NF-kB in the degenerative group, the herniation group, and the control group, and found that there was a statistically significant difference in the relative expression level of NF-kB among the groups (F=278.652, *p*=0.001). The relative expression level of NF-kB in the nucleus pulposus of patients in the degeneration group was significantly higher than that in the control group. There was a statistically significant difference between the two groups (t=19.672, *p*=0.001). The relative expression level of NF-kb in the degenerative group was significantly lower than compared with the herniation group, the difference was statistically significant (t=4.131, *p*=0.001), the expression level of NF-kB in the herniation group was significantly higher than that of the control group (t=24.590, *p*=0.001) ([Figure 1](#F1){ref-type="fig"}).

![The expression of NF-kB mRNA. The expression of NF-Kb mRNA in the herniation group, degeneration group and control group was detected by qRT-PCR method. The expression of NF-Kb was significantly higher in the herniation group than in the other two groups, the difference was statistically significant (p\<0.05). The expression of NF-kB mRNA in the degeneration group was higher than that in the control group (p\<0.05). \*Statistical difference between the two groups (p\<0.05).](JMNI-18-551-g001){#F1}

MIF, TNF-α, IL-6 expression levels in patients {#sec2-9}
----------------------------------------------

The expressions of MIF, TNF-α and IL-6 in the degenerative group, the herniation group, and the control group were detected. The expressions of MIF, TNF-α and IL-6 in the degenerative group and the herniation group were higher than the control group, the difference was significantly statistically significant (*p*\<0.01). By comparing the expression levels of MIF, TNF-α, and IL-6 in the degenerative group and the herniation group, it was found that the expression level in the degenerative group was lower than that of the herniation group, there is a difference between the two groups ([Figure 2](#F2){ref-type="fig"}).

![Expression of MIF, TNF-*α*, and IL-6 protein. Expression of MIF, TNF-α and IL-6 in the herniation group, degeneration group, and control group was detected by ELISA. The expression of the MIF, TNF-α, and IL-6 in the herniation group was significantly increased in comparison to the other two groups (p\<0.05), the expression of MIF, TNF-α and IL-6 protein in the degeneration group was higher than that in the control group (p\<0.05). \*Statistical difference between the two groups (p\<0.05).](JMNI-18-551-g002){#F2}

Comparison of the expression of MIF, TNF-α, IL-6 and NF-kB in three groups patients with mild, moderate and severe JOA score {#sec2-10}
----------------------------------------------------------------------------------------------------------------------------

According to the JOA score, the degeneration and herniation group of patients were divided mild, moderate and severe groups to compare the levels of MIF, TNF-α, IL-6 and NF-kB. The results showed that the expression of MIF, TNF-α, IL-6 and NF-kB gradually increased with the increase of JOA score in three groups, and there were statistical differences between the groups (*p*\<0.01). The expression level of the severe group was significantly higher than that of the control group and the degeneration group, the difference was significant (*p*\<0.05). There was a significant increase in degeneration group compared to the control group (*p*\<0.05). ([Figure 3](#F3){ref-type="fig"}) The relationship between MIF, TNF-α, IL-6, and NF-kB in degenerative patients.

![Expression of NF-kB mRNA, MIF, TNF- α and IL-6 in patients with mild, moderate, and severe JOA scores We detected NF-kB mRNA, MIF, and TNF- α in each group by qRT-PCR and ELISA. IL-6 protein, NF-kB, MIF, TNF-α, IL-6 expression levels in all groups increased significantly with the decrease of JOA score. \* Statistical difference between the two groups (p\<0.05).](JMNI-18-551-g003){#F3}

We performed a Pearson correlation analysis of the relationship between MIF, TNF-α, IL-6, and NF-kB in degenerative patients and found that the expression levels of MIF, TNF-α and IL-6 were positively related to NF-kB, that is, with the increase of the expression of MIF, TNF-α and IL-6, the relative expression of NF-Kb was also increased ([Table II](#T2){ref-type="table"}).

###### 

The relationship between MIF, TNF-α, IL-6 and NF-kB in the degenerative group.

  Group   r       P
  ------- ------- -------
  MIF     0.567   0.011
  TNF-α   0.689   0.015
  IL-6    0.598   0.043

Discussion {#sec1-6}
==========

IDD is a degenerative disease caused by the aging of disc tissue such as nucleus pulposus, cartilage endplates, and annulus fibrosus with increasing age\[[@ref10]\]. The characteristic change of IDD is that the aging of the nucleus pulposus is accompanied by a decrease in a large number of proteoglycans and a loss of water\[[@ref11]\]. An autopsy found IDD in more than 80% of adults. A large number of surveys have shown\[[@ref12]\] that more than 85% of patients worldwide are admitted to hospital because of IDD-induced diseases, and more than half of them are middle-aged and elderly people. With the accelerated aging of the population, the incidence of multiple diseases caused by IDD has increased. This has affected people's quality of life and aggravated their economic burden. With the development of clinical research and imaging technology in recent years, there is increasing evidence that inflammatory factors play a key regulatory role in the development and pathological processes of IDD\[[@ref13]\].

NF-kB is an important regulator of cellular gene transcription and can regulate various cytokines or receptors, thereby promoting or inhibiting the expression of chemotaxis and related apoptotic proteins and regulating the body\[[@ref14]\]. Studies have shown\[[@ref15]\] that when cells are induced by inflammatory mediators or complement, oxidative stress and other factors, NF-kB inhibitor, IKB, dissociates, leading to NF-kB exposure through the cytoplasm into the nucleus to accelerate DNA transcription, the expression of cytokines and inflammatory mediators is regulated so as to regulate the physiological and pathological processes of tissues and cells. Through JOA scores, the expression of NF-kB in patients was found. However, it is not clear whether the NF-kB pathway activates or inhibits which inflammatory factors. Therefore, we tested its target genes downstream, MIF is an active protein secreted by activated T cells, and can also be largely secreted by the pituitary and monocyte-macrophages themselves in addition to T cells\[[@ref16]\]. As an important pro-inflammatory factor, it has been used to inhibit the anti-inflammatory effects of glucocorticoids, thereby releasing a large number of inflammatory factors. In recent years, studies have shown that\[[@ref17]\] MIF is associated with a variety of immune and inflammatory diseases and that MIF can be used as a potential target for the treatment of inflammatory and immune diseases through *in vitro* and *in vivo* experiments. In this study, we found that with the JOA group, the expression of MIF was significantly increased with the decrease of JOA during the experiment.

As a multi-functional cytokine, TNF-α is secreted in large amounts by monocytes and macrophages, which can reduce the synthesis of both proteoglycans and collagens, thereby reducing their synthesis\[[@ref18]\]. The process of the development of IL-6IDD is closely linked to the secretion of bone marrow stromal cells, monocytes, and macrophages\[[@ref7]\]. Studies have shown that\[[@ref19]\] IL-6 has a duality of both pro-inflammatory and anti-inflammatory effects. In this study, we found that with the increase in the expression of IL-6, the patient's condition was more severe. During the experiment, the expression of IL-6 was significantly increased with the decrease of JOA according to the JOA grouping.

Based on the above, we speculated that during the IDD process, activation of NF-kB pathway, activation of NF-kB into the nucleus and DNA for transcription induces the release of its downstream target gene MIF, etc., which in turn causes a large number of inhibitory effects of glucocorticoids on MIF. The release of IL-6 and TNF-α. In this study, we detected nucleus pulposus tissue in patients with disc herniation and intervertebral disc degeneration and found that the relative expression levels of NF-kB and the expression levels of MIF, TNF-α, and IL-6 in the herniation group were significantly higher than those in the degenerative group. All of them are higher than the control group. This well proves our hypothesis. At the end of the study, we performed a correlation analysis and found that the expression of MIF, TNF-α, and IL-6 was positively correlated with the expression of NF-kB. It is well proved that the NF-kB pathway regulates downstream target genes MIF, TNF-α, and IL-6 through positive feedback. However, in the herniation group, the expression level was higher than that in the degenerative group. We speculate that the abnormal activation of the NF-kB pathway may accelerate the patient's pathological changes under the influence of many factors.

However, there are still some defects in this study. First of all, we have a small sample size. We have not yet confirmed whether this result is biased. Secondly, the samples we collected this time are cervical vertebrae samples. The unitary nature of the specimens may affect our results. Therefore, in the future research, we hope to further improve our research results by increasing the number and types of our samples and to corroborate the correctness of our results.

In summary, the expression of NF-kB, MIF, IL-6, TNF-α is increased in degenerated disc tissue of patients with disc herniation and is associated with the degree of disc herniation. It may play an important role in the pathophysiological process of disc herniation.
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